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Abstract 
The major distresses in asphalt pavements are rutting, fatigue, and adhesion loss (moisture susceptibility). In this 
research study, two substitution fillers (Cement and Lime) were used with two different aggregate quarries (based on 
minerals composition) to evaluate the relatively most beneficial combination of both fillers as well as an aggregate 
quarry to enhance the performance life of asphalt pavements, especially in under-developed countries. Four basic tests, 
(Asphalt Pavement Analyzer, Four Points Bending Beam, Dynamic Modulus, and Rolling Bottle Test) that used for the 
most desired properties of any asphalt pavement, were utilized to access the performance properties of modified asphalt 
mixture. Based on all laboratory test results this research study concludes that replacement of aggregate filler with 
hydrated lime and cement has a beneficial effect on asphalt mix performance and to save investment by using raw 
material. Substitution filler improves the high-temperature rut performance and intermediate temperature fatigue 
performance of asphaltic concrete mixture up to 25% to that of the conventional mixture. At the same time, substitution 
filler has more beneficial to improve 70% adhesion properties to that of the conventional mixture. 
Keywords: Substitution Filler; Rut Performance; Fatigue Performance; Adhesion Properties; Asphalt Mixture. 
 
1. Introduction 
Materials generally employed for the construction of road or airport surfaces are asphalt concrete, which is a 
composite form of material made from asphalt binder, aggregate, and mineral fillers. The word mineral filler is usually 
referred to as fine material passing sieve number 200 standard sieve sizes. This fine material contains more than 90% 
of the aggregate surface area and it forms most interfaces between aggregate and asphalt binder. It is also an essential 
material that provides better packing characteristics between the coarse and fine aggregate. To this point, researchers 
always try to find substitute filler for better asphalt mixture and to save investment by using the raw materials as filler. 
The filler is classified as fine material and used for the modification of bituminous binder and asphalt concrete 
mixture. So far, different types of materials such as clay particle and limestone dust are considered as filler material. 
Similarly, hydrated lime, fly ash, and cement are used as modified fillers. The use of ordinary Portland cement in 
asphalt mixture as a substitution filler can significantly increase the resistance to rutting [1]. The addition of different 
fillers such as hydrated lime, fly ash, silica fume, cement, and bag-house fines is known to increase the rut resistance 
                                                          




© 2020 by the authors. Licensee C.E.J, Tehran, Iran. This article is an open access article distributed under the terms 
and conditions of the Creative Commons Attribution (CC-BY) license (http://creativecommons.org/licenses/by/4.0/). 
 




of asphalt mixture [2]. Characteristics of mineral filler and their impact on characteristics of bituminous mixture varies 
with amount and type of filler added to the mix [3]. Cement and hydrated lime are typically used for filler 
modification. The modifications of filler material applying in the asphaltic concrete mixture have been studied by 
some researchers. Lesueur et al. (2012) [4] reported that the durability of asphalt mixture can be increased up to 10 years 
when 1-2% of hydrated lime is used in asphalt concrete mixture. Similarly, the addition of cement into an emulsified 
asphalt mixture improves the high-temperature stability of the mixes [5]. It is also observed that the utilization of 
cement as some part of filler in asphalt mixture can improve the adhesion properties of asphalt mixture [6, 7].  
Wang et al. (2018) [8] concluded in his research that the use of cement with filler material in asphalt mixture can 
improve stiffness, stripping resistance, and strength of asphalt concrete mixture. Moisture susceptibility and high-
temperature stability of asphalt mixture significantly improved by the addition of cement [9]. Zhou et al. (2017) [10] 
analyzes and compared the physical characteristics of recycled fillers with limestone filler and found a large difference 
between these fillers and rheological properties of asphalt mixture. Some researcher uses a wet method of mixing for 
modification of asphalt binder by hydrated lime. Huang et al. (2005) and Kakade et al. (2016) [11, 12] presented that 
moisture resistance ability of bituminous mixture found much better when hydrated lime is directly added to asphalt 
binder. For a thick layer of pavements, mixing of hydrated lime by a wet method of mixing give better results as 
compared to the dry method of mixing for fatigue life. However, for thin layers, mixing 1-2% of hydrated lime as filler 
material gives better results of fatigue life [13]. The addition of 1-2% of hydrated lime in un-aged asphalt mixture can 
be beneficial for fatigue life improvement [14]. Wang et al. (2018) [8] concluded in his research study that cement 
filler has a similar effect to that of mineral filler on volumetric and physical properties of asphalt mixture. Hydrated 
lime has been widely used for the improvement of resistance against moisture damage in asphalt binder but very 
limited work has been presented on the use of hydrated lime for modification of asphalt mixture [15-17]. The 
permanent deformation performance of asphalt mixture can be improved by adding hydrated lime as filler into asphalt 
mixture [18-25]. Roy et al. (2013) [26] reported that the use of limestone dust as filler is very beneficial for water 
sensitivity of stone mastic asphalt mixtures and Vansteenkiste et al. (2013) [27] concluded that the use of hydrated 
lime as the filler has a greater beneficial effect on permanent deformation. The significant factors which separate the 
fillers from other materials are particle size, shape, surface area, void content, mineral, physical and chemical 
properties [28]. For this reason, various types of fillers are introduced into asphalt mixtures for performance 
improvement. The complete structure of this research article presented in Figure 1. 
 
Figure 1. Schematic View of Research Article 




In this research study, two substitution fillers (Cement and Lime) were used with two different aggregate quarries 
(based on minerals composition) to evaluate the relatively most beneficial combination of both fillers as well as an 
aggregate quarry to enhance the performance life of asphalt pavements, especially in under-developed countries. 
Moreover, lime being a raw material will not only reduce the cost but will also be eco-friendly to society. Four basic 
tests (Asphalt Pavement Analyzer, Four Points Bending Beam, Dynamic Modulus and, Rolling Bottle Test) that test 
the most desired properties of any asphalt pavement i.e. Rut resistance, Fatigue crack resistance, and moisture 
susceptibility were utilized to access the performance properties of modified asphalt mixture. 
2. Materials and Method 
The material and method which is used for the preparation of laboratory specimens and testing procedures are 
described in the following subsection. The summary of the research methodology has been given in Figure 2. 
 
Figure 2. Research Methodology 
2.1. Materials 
Two types of aggregate have been selected in this study as per ASTM D3515. The aggregate has been taken from 
two different quarries i.e. Margallah and Sargodha. The selected aggregate has different petrography/mineralogy. 
Magellan aggregate has calcium carbonate minerals and Sargodha aggregate has dolerite minerals. Petrography of 
selected aggregate is given in Table 1. 
Table 1. Petrography of aggregate 
Sr. No. Component Formula Calcium Carbonate Dolerite 
1 Carbonate & Calcite CaCO3 & CaO 97.2 93.4 
2 Quartz SiO2 0.3 6.6 
3 Hematite Fe2O3 0.5 -- 
4 Clay -- 2 -- 




These types of aggregate have been frequently used in Pakistan for rehabilitation and new road construction 
projects. Mechanical and physical properties of selected aggregates were determined as per the specification of BS, 
ASTM, and AASHTO standards. Properties of selected aggregate are summarized in Table 2. River bed and rounded 
particles were not selected for this research study.  
Table 2. Properties of selected aggregate 
Sr. No. Test Title Standard 
Aggregate Sources 
Unit Specification Limit 
Calcium Carbonate Dolerite 
1 Flakiness Index BS 812.108 5.9 8.4 % 10 (max) 




ASTM  D 5821 100 100 % 90 (min) 
4 Sand Equivalent Value ASTM  D 2419 78 75 % 50 (min) 
5 Water absorption ASTM  C 127 1.01 0.97 % 2 (max) 
6 Elongation Index BS 812.109 2.2 6.4 % 10 (max) 
7 Soundness (Coarse) ASTM  C 88 7.5 4.7 % 8 (max) 
8 Soundness (Fine) ASTM  C 88 4.9 4.7 % 8 (max) 
All the mixtures were designed with the same aggregate gradation. The graphical and tabular description of 
aggregate gradation is given in Figure 3 and Table 3 respectively. 
     
Figure 3. Selected Aggregate Gradation 
Table 3. Adopted aggregate gradation 
Sieve Size Selected Gradation passing 
(%) 
Class B Lower passing 
(%) 
Class B Upper passing 
(%) Inch mm 
3/4 19 100 100  100 
1/2 12.5 77.4 90 75 
3/8 9.5 64.1 80 60 
#4 4.75 39.9 60 40 
#8 2.36 27.7 40 20 
#16 1.18 16.6 27 12 
#30 0.6 10.4 19 8 
#50 0.3 8.1 15 5 
#100 0.15 5.7 11 4 
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Asphalt mixtures were designed with a 12.5mm nominal aggregate size. Six types of asphalt mixtures including 
three Margallah aggregate mixtures (one mixture having Margallah aggregate dust as filler, other having Portland 
cement as a filler and third one having hydrated lime as filler material) and three Sargodha aggregate mixtures (one 
mixture having Sargodha aggregate dust as filler, other having Portland cement as a filler and third one having 
hydrated lime as filler material) were produced. The material smaller than sieve no. 200 was replaced with the same 
weight of cement and hydrated lime in mixtures having cement and hydrated lime as filler material respectively. The 
mixtures with Portland cement and hydrated lime as substitution fillers have been used to evaluate the effect of 
substitution filler on the performance of asphalt mixture.     Similarly, an asphalt binder having performance grade 58-
22 with penetration grade 60/70 were used in the study. The basic properties of bitumen have been reported in Table 4. 
Table 4. Properties of control binder 
Sr. No. Test Title Standard 
Bitumen type  
(Pen. 60/70) 
Specification Limit 
1 Flash and fire point (°C) ASTM C 142 291 232 (min) 
2 Softening Point (°C) ASTM D 36 46 --- 
3 Ductility (cm) ASTM C 88 100 100 (min) 
4 
Penetration at 25 °C 
(1/10th of mm) 
ASTM D 5 70 --- 
 For designing six asphalt mixtures, optimum bitumen content of 4.3% for Margallah aggregate and 4.8% for 
Sargodha aggregate minerals were determined from the Marshall mix design method [29]. A very little effect of filler 
substitution was found on asphalt content. In this study, the optimum bitumen content of 4.3% for Margallah 
aggregate and 4.8% for Sargodha aggregate minerals was fixed for all mixtures. Portland cement and hydrated lime 
were taken from locally available sources. Some basic properties of cement and lime are given in Table 5.   
Table 5. Properties of Substitution Fillers 
Specific Property Name Standard Portland Cement Hydrated Lime 
Density (Ib/cu in) ASTM D792 0.1139 0.084-0.973 
Specific Heat (JK-1Kg-1) ASTM E1269 1554 913 
Water Absorption (%) ASTM D570 0.05-0.08 0.975 
Specific gravity ASTM D891 3.16 2.4-2.7 
Tensile strength (psi) ASTM D638 300-700 138.78 
Thermal Conductivity (W m-1K-1) ASTM E1952 1.17 1.26-1.4 
Melting Point (°C) ASTM D1519 1450 2574 
2.2. Sample Preparation              
For four performance tests (APA, FPBB, DM, and RBT), samples were prepared according to their standard 
procedures. 7 kg aggregate samples were compacted for asphalt pavement analyzer and dynamic modulus by 
considering the procedure postulated in AASHTO PP 35.  




                                                        
Figure 4. Prepared Samples 




Similarly, roller compacted slabs were prepared for the FPBB test. The limits of air voids in compacted samples 





C respectively. For the rolling bottle test, the particles passing sieve no.9.5 and retained on sieve no. 6.3 were 
selected. The description and dimensions of used samples are given in Table 6. 
Table 6. Description and sample sizes 
Test Description Standard Sample dimension/Size Air voids (%) 
Asphalt Pavement Analyzer (APA) AASHTO TP 63 
 Diameter 150 mm 
 Height 75 mm 
6.03 
Dynamic Modulus Test (DM) AASHTO TP 62 
 Diameter 100 mm 
 Height 150 mm 
6.1 
Four Point Bending Beam (FPBB) AASHTO T 321  (380×63×50) mm 6.04 
Rolling Bottle Test (RBT) BS EN 12697 
Particle passing sieve no.9.5 and 
retained on  sieve no.6.3 
--- 
Some volumetric properties of asphalt mixture with treated and untreated fillers are summarized in Table 7.  
Table 7. Hot mix asphalt design volumetric properties 
Mix Type Aggregate type OBC VA VMA VFA 
Standard ASTM D3515 ASTM D6307 --- ASTM D6995 --- 
Specification Limit --- --- 04 to 07 14 (Minimum) 65-75 
Conventional Mix 
Calcium carbonate 4.3 6.1 15.53 60.95 
Dolerite 4.8 6.0 15.85 62.30 
Lime as Filler 
Calcium carbonate 4.3 6.1 16.61 63.29 
Dolerite 4.8 6.0 17.32 65.57 
Cement as Filler 
Calcium carbonate 4.3 6.1 16.54 62.92 
Dolerite 4.8 5.7 17.42 67.50 
Super-pave gyratory compacted samples were cut into two pieces and get the required standard height for asphalt 
pavement analyzer. Similarly, roller compacted slabs were fabricated into the required dimensions.    
3. Results and Discussion  
3.1. Rut Performance of Asphalt Mixture  
Rutting performance of asphalt mixtures was evaluated with the asphalt pavement analyzer. Different computer-
operated equipment with temperature control chambers are used in the laboratory for performance measurement of 
asphalt mixtures at the approximately same condition to that in-service pavement. APA is multifunctional testing 
equipment used to predict the performance of hot mix asphalt (HMA) and simulate it with field performance. Super-
pave gyratory compacted samples with 150mm diameter and 75mm height were loaded with a steel wheel of 100 lb. 
which resting on a pneumatic hose with 100 psi pressure. Rutting test was conducted at 55
o
C in accordance with 
AASHTO TP 63. The obtained results are given in Figure 5.   





Figure 5. Asphalt Pavement Analyzer test results 
Figure 5 illustrates the evaluation of rut depth against a number of wheel passes according to standard laboratory 
test conditions and clearly mentioned the improvement of rut resistance of mixture with substitute fillers as compared 
to mixtures with untreated fillers. The figure shows that rut depth increases with an increase in a number of wheel 
passes for all mixes. The Sargodha aggregate, containing dolerite minerals, without substitution filler have maximum 
rut depth against 8000 wheel passes as compared to Margallah aggregate containing Calcium carbonate minerals. All 
at once, when the cement and hydrated lime fillers were introduced into asphalt mixture, the rut depth values 
considerably decreases. It also has been noted from figure that when hydrated lime was used as filler material, dolerite 
minerals have less rut depth as compared to Calcium carbonate minerals. Similarly, cement and hydrated lime as 
substitution filler have a considerable effect on rut depth and improve the resistance against permanent deformation 
for all types of mixtures.  
3.2. Dynamic Modulus 
Two main components are typically described such as phase angle (δ) which gives elastic and viscous behavior of 
bituminous mixture and dynamic modulus which give material stiffness under different loading frequency and 
temperature conditions. The dynamic modulus is typically defined as “the ratio of the amplitude of sinusoidal stress at 
any given loading frequency and time to the sinusoidal strain at given the same frequency and time condition. 
Dynamic modulus |E
*
| is one of the important property of bituminous mixture for prediction of pavement performance 
under different temperature and frequency conditions. The behavior of temperature-time dependency of hot mix 
asphalt (HMA) is usually defined in the laboratory determine dynamic modulus. Due to changing frequency and 
temperature dependency, it is very difficult to compare results across varying frequency and temperature conditions. 
For this, a master curve is developed for meaningful comparison. Master curves is a means to obtain a visual 
representation of results taken from different frequency and temperature conditions [30]. For testing prepared 
specimens, four temperatures (4.4, 21.1, 37.8 and 54.4) and six frequencies (25Hz to 0.1Hz) were used. The test was 
performed in accordance with AASHTO TP 62. The master curve results are given in Figure 6. 
 





























































Figure 6 shows the evaluation of dynamic modulus against reduced frequency at standard test condition and clearly 
observed that dynamic modulus increased with the introduction of cement and hydrated lime as substitution filler. A 
calcium carbonate mineral with hydrated lime as filler shows maximum dynamic modulus at both, high temperature, 
low-frequency condition and low temperature, high-frequency condition. The utilization of hydrated lime as filler in 
asphalt mixture has more significant beneficial effect on dynamic modulus as compared to cement filler.       
3.3. Fatigue Performance of Mixture 
Four-point bending beam (FPBB) test is used for the measurement of fatigue damage or stiffness loss of hot mix 
asphalt material during repeated loading. Fatigue is considered an important parameter during designing the purpose 
of asphalt pavement. The test was performed in stress control mode in accordance with AASHTO T 321. The 
temperature of the test chamber was set at 20±0.5°C. The beam was considered as a failure when 380mm long and 
63mm wide by 50mm thick HMA specimen reduce its 50% initial stiffness. The failure energy and fatigue life of hot 












Figure 7. Fatigue life of the mixes 
It can be observed from Figure 7, Calcium carbonate minerals with hydrated lime as filler material show maximum 
resistance against fatigue cracking at standard test conditions. Both cement and hydrated lime as substitution filler 
improves the fatigue performance as compared to conventional asphalt mixture. Like the previous results, hydrated 
lime as a substitute filler gives better performance as compared to cement.             
3.4. Adhesion Performance of Mixture   
Adhesion properties of the mixes were evaluated by using a rolling bottle test (RBT). RBT is used to measure the 
aggregate-bitumen coating vulnerability after mechanical abrasion under-water. Rolling bottle test is a visual 
inspection test from which the remaining covering of aggregate-bitumen coating is estimated. The test was performed 
in accordance with European standard BS EN 12697. Three replicates of each mixture were rotated with a stirrer in the 
























Figure 8. Effect of moisture after 72h 
Figure 8 shows the evaluation of % loss of bitumen covering from aggregate at standard laboratory test conditions. 
The presence of substitute fillers in asphalt mixture significantly reduces the % loss of aggregate-bitumen cover and 
improves the adhesion properties of the mixture. Both cement and hydrated lime as substitution filler improves the 
adhesion of the mixtures. Contrary to previous results, cement gives better results as compared to hydrated lime for 
adhesion properties of the mixtures. 
3.5. Summary and Discussion  
The overall trends of substitution fillers on the performance of asphalt mixture are summarized in Table 8. The 
table was generated by using the experimental test results and the following thoughts: “what is the most likely trend 
obtained from performance-based test results?” The size of the arrows indicates the importance of parameter on the 
performance of asphalt mixture. Larger size arrow indicates higher impact and smaller arrow size indicate the lower 
impact of substitute filler on HMA performance. 
Table 8. Performance based indication of asphalt mixture 
 
The overall performance of substitute fillers in Table 8 shows that all the mixes improve rutting and fatigue 
resistance, visco-elastic behavior, and resistance against moisture susceptibility from its conventional mixes. Hydrated 
lime as a substitute filler has more beneficial for rutting and fatigue resistance as well as for visco-elastic behavior. 




















Overall, in this research study, two substitution fillers (cement & lime) were used with two different aggregate 
quarries (based on minerals composition) to evaluate the relatively most beneficial combination of both fillers as well 
as an aggregate quarry to enhance the performance life of asphalt pavements, especially in under-developed countries. 
Four basic tests (Asphalt Pavement Analyzer, Four Points Bending Beam, Dynamic Modulus, and Rolling Bottle Test) 
that test the most desired properties of any asphalt pavement were utilized to access the performance properties of 
modified asphalt mixture. Based on all laboratory test results, it is concluded that replacement of filler with cement 
and hydrated lime improves the fatigue, adhesion, and rut performance of asphaltic concrete mixture up to 25%, 70%, 
and 25% respectively to that of the conventional mixture.  
However, cement as substitution filler in asphalt mixture has a comparatively more beneficial effect on permanent 
deformation and fatigue performance in comparison with lime. While cement substitute (as filler) enhances the 
adhesion properties (moisture resistance) of asphalt mixture. Cement has a relatively stronger bond with calcium 
carbonate aggregate quarry, while lime substitute filler has a more compatible bond with dolerite type aggregate 
quarry. 
5. Acknowledgements  
The authors are thankful to Taxila Institute of Transportation Engineering for providing the friendly environment 
for research work.  
6. Conflicts of Interest 
 The authors declare no conflict of interest.  
7. References  
[1] Guha, Aioub H., and Gabriel J. Assaf. “Effect of Portland Cement as a Filler in Hot-Mix Asphalt in Hot Regions.” Journal of 
Building Engineering 28 (March 2020): 101036. doi:10.1016/j.jobe.2019.101036.  
[2] Bahia, Hussain U., D. I. Hanson, M. Zeng, H. Zhai, M. A. Khatri, and R. M. Anderson. “Characterization of modified asphalt 
binders in superpave mix design.” No. Project 9-10 FY'96. (2001). 
[3] Al-Suhaibani, A, J Al-Mudaiheem, and F Al-Fozan. “Effect of Filler Type and Content on Properties of Asphalt Concrete 
Mixes.” Effects of Aggregates and Mineral Fillers on Asphalt Mixture Performance (1992): 107–124. doi:10.1520/stp24214s. 
[4] Lesueur, Didier, Joëlle Petit, and Hans-Josef Ritter. “The Mechanisms of Hydrated Lime Modification of Asphalt Mixtures: a 
State-of-the-Art Review.” Road Materials and Pavement Design 14, no. 1 (December 5, 2012): 1–16. 
doi:10.1080/14680629.2012.743669. 
[5] Xu, Ouming, Zhenjun Wang, and Rui Wang. “Effects of Aggregate Gradations and Binder Contents on Engineering Properties 
of Cement Emulsified Asphalt Mixtures.” Construction and Building Materials 135 (March 2017): 632–640. 
doi:10.1016/j.conbuildmat.2016.12.095. 
[6] Ramaswamy, Salem D., and M. A. Aziz. "Assessment of Effect of Filler on the Stripping of Bituminous Mix." (1983). 
[7] Ramaswamy, S. D., and M. A. Aziz. "Effect of Filler Type and Shape of Aggregates on the Stability of Bituminous Mixes." 
(1983). 
[8] Wang, Jie, Meng Guo, and Yiqiu Tan. “Study on Application of Cement Substituting Mineral Fillers in Asphalt Mixture.” 
International Journal of Transportation Science and Technology 7, no. 3 (September 2018): 189–198. 
doi:10.1016/j.ijtst.2018.06.002. 
[9] Xiao, Jingjing, Wei Jiang, Wanli Ye, Jinhuan Shan, and Zhenjun Wang. “Effect of Cement and Emulsified Asphalt Contents on 
the Performance of Cement-Emulsified Asphalt Mixture.” Construction and Building Materials 220 (September 2019): 577–
586. doi:10.1016/j.conbuildmat.2019.06.051. 
[10] Zhou, Bin, James Bentham, Mariachiara Di Cesare, Honor Bixby, Goodarz Danaei, Melanie J Cowan, Christopher J Paciorek, 
et al. “Worldwide Trends in Blood Pressure from 1975 to 2015: a Pooled Analysis of 1479 Population-Based Measurement 
Studies with 19·1 Million Participants.” The Lancet 389, no. 10064 (January 2017): 37–55. doi:10.1016/s0140-
6736(16)31919-5. 
[11] Huang, Shin-Che, Raymond E. Robertson, Jan F. Branthaver, and J. Claine Petersen. "Impact of lime modification of asphalt 
and freeze–thaw cycling on the asphalt–aggregate interaction and moisture resistance to moisture damage." Journal of 
materials in civil engineering 17, no. 6 (2005): 711-718. doi:10.1061/(ASCE)0899-1561(2005)17:6(711). 
[12] Kakade, Vijay B., M. Amaranatha Reddy, and K. Sudhakar Reddy. “Evaluation of the Sensitivity of Different Indices to the 
Moisture Resistance of Bituminous Mixes Modified by Hydrated Lime and Other Modifiers.” Road Materials and Pavement 
Design 18, no. 6 (September 1, 2016): 1395–1410. doi:10.1080/14680629.2016.1224198. 




[13] Kakade, Vijay B., M. Amaranatha Reddy, and K. Sudhakar Reddy. “Effect of Aging on Fatigue Performance of Hydrated 
Lime Modified Bituminous Mixes.” Construction and Building Materials 113 (June 2016): 1034–1043. 
doi:10.1016/j.conbuildmat.2016.03.066.  
[14] Rasouli, Amir, Amir Kavussi, Morteza Jalili Qazizadeh, and Amir Hossein Taghikhani. “Evaluating the Effect of Laboratory 
Aging on Fatigue Behavior of Asphalt Mixtures Containing Hydrated Lime.” Construction and Building Materials 164 (March 
2018): 655–662. doi:10.1016/j.conbuildmat.2018.01.003. 
[15] Atud, Tebid Joshua, Kunnawee Kanitpong, and Wilfung Martono. “Laboratory evaluation of hydrated lime application process 
in asphalt mixture for moisture damage and rutting resistance.” No. 07-1508. (2007). 
[16] Khattak, Mohammad J., and Vikram Kyatham. “Viscoelastic Behavior of Hydrated Lime-Modified Asphalt Matrix and Hot-
Mix Asphalt Under Moisture Damage Conditions.” Transportation Research Record: Journal of the Transportation Research 
Board 2057, no. 1 (January 2008): 64–74. doi:10.3141/2057-08. 
[17] Mohammad, Louay N., Shadi Saadeh, Md Kabir, Ayman Othman, and Sam Cooper. “Mechanistic Properties of Hot-Mix 
Asphalt Mixtures Containing Hydrated Lime.” Transportation Research Record: Journal of the Transportation Research Board 
2051, no. 1 (January 2008): 49–63. doi:10.3141/2051-07. 
[18] Petersen, J. Claine, Henry Plancher, and P. Michael Harnsberger. "Lime treatment of asphalt to reduce age hardening and 
improve flow properties." In Association of Asphalt Paving Technologists Proceedings Technical Sessions, 1987, Reno, 
Nevada, USA, vol. 56. (1987). 
[19] Lime, Hydrated. "A proven additive for durable asphalt pavements." European Lime Association (2010). 
[20] Bari, Javed, and Matthew W. Witczak. “Evaluation of the Effect of Lime Modification on the Dynamic Modulus Stiffness of 
Hot-Mix Asphalt.” Transportation Research Record: Journal of the Transportation Research Board 1929, no. 1 (January 2005): 
10–19. doi:10.1177/0361198105192900102. 
[21] Aragão, Francisco Thiago Sacramento, Junghun Lee, Yong-Rak Kim, and Pravat Karki. “Material-Specific Effects of 
Hydrated Lime on the Properties and Performance Behavior of Asphalt Mixtures and Asphaltic Pavements.” Construction and 
Building Materials 24, no. 4 (April 2010): 538–544. doi:10.1016/j.conbuildmat.2009.10.005. 
[22] Berthelot, Curtis, Ania Anthony, Colin Wandzura, and Brent Marjerison. "Triaxial frequency sweep characterization of 
asphalt-aggregate adhesion in Saskatchewan asphaltic mixes." Journal of transportation engineering 136, no. 2 (2010): 158-
164. doi:10.1061/(ASCE)0733-947X(2010)136:2(158). 
[23] Özen, Halit. “Rutting Evaluation of Hydrated Lime and SBS Modified Asphalt Mixtures for Laboratory and Field Compacted 
Samples.” Construction and Building Materials 25, no. 2 (February 2011): 756–765. doi:10.1016/j.conbuildmat.2010.07.010. 
[24] Sengul, Celaleddin E., Atakan Aksoy, Erol Iskender, and Halit Ozen. “Hydrated Lime Treatment of Asphalt Concrete to 
Increase Permanent Deformation Resistance.” Construction and Building Materials 30 (May 2012): 139–148. 
doi:10.1016/j.conbuildmat.2011.12.031. 
[25] Souliman, Mena I., Murugaiyah Piratheepan, Elie Y. Hajj, Peter E. Sebaaly, and Wendy Sequeira. “Impact of Lime on the 
Mechanical and Mechanistic Performance of Hot Mixed Asphalt Mixtures.” Road Materials and Pavement Design 16, no. 2 
(March 5, 2015): 421–444. doi:10.1080/14680629.2015.1017520. 
[26] Roy, Neethu, A. Veeraragavan, and J. Murali Krishnan. “Influence of Air Voids of Hot Mix Asphalt on Rutting Within the 
Framework of Mechanistic-Empirical Pavement Design.” Procedia - Social and Behavioral Sciences 104 (December 2013): 
99–108. doi:10.1016/j.sbspro.2013.11.102. 
[27] Vansteenkiste, Stefan, Joëlle De Visscher, and Ann Vanelstraete. “Impact of Hydrated Lime on the Durability of SMA 
Mixtures: Laboratory and Field Evaluation.” Road Materials and Pavement Design 14, no. sup1 (April 2013): 162–174. 
doi:10.1080/14680629.2013.774753. 
[28] Zulkati, Anggraini, Wong Yiik Diew, and Darren Sun Delai. “Effects of Fillers on Properties of Asphalt-Concrete Mixture.” 
Journal of Transportation Engineering 138, no. 7 (July 2012): 902–910. doi:10.1061/(asce)te.1943-5436.0000395. 
[29] Chompoorat, T., and S. Likitlersuang. "Laboratory investigation of hot mix asphalt behaviour for mechanistic-empirical 
pavement design in tropical countries." Geotechnical Engineering Journal of the SEAGS & AGSSEA 46, no. 1 (2015): 37-44. 
[30] Christensen, Donald W., and David A. Anderson. "Interpretation of dynamic mechanical test data for paving grade asphalt 
cements (with discussion)." Journal of the Association of Asphalt Paving Technologists 61 (1992). 
